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(54) Polishing apparatus with thickness measuring means 



(57) A polishing apparatus is used for polishing a 
substrate such as a semiconductor wafer, and has a 
sensor capable of continuously detecting the thickness 
of an electrically conductive layer. The polishing appa- 
ratus includes a polishing table having a polishing sur- 



face, and a top ring for holding and pressing the sub- 
strate against the polishing surface to polish the surface 
of the substrate. A sensor such as an eddy-current sen- 
sor is disposed below the polishing surface of the pol- 
ishing table for measuring the thickness of a conductive 
layer fonned on the surface of the substrate. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention: 

[0001] The present invention relates to a polishing ap- 
paratus for polishing a substrate such as a semiconduc- 
tor wafer, and more particularly to a polishing apparatus 
having a sensor capable of continuously detecting, on 
a real'time basis, the thickness of an electrically con- 
ductive film (layer) on a polished surface of the substrate 
while the polished surface of the substrate mounted on 
a substrate holder such as a top ring remains unex- 
posed. 

Description of the Related Art: 

[0002] Conventionally, in order to fomn a wiring circuit 
on a semiconductor substrate, a conductive film is de- 
posited over a surface of a substrate by a sputtering 
process or the lli<e, and then unnecessary portions are 
removed from the conductive film by a chemical dry 
etching process using a photoresist for a mask pattern. 
[0003] Generally, aluminum or aluminum alloy has 
been used as a material forforming a wiring circuit. How- 
ever, the higher Integration of integrated circuits on the 
semteonductor substrate in recent years requires the 
narrower wiring to thus increase the current density, re- 
sulting in generating thermal stress in the wiring and in- 
creasing the temperature of the wiring. This unfavorable 
condition becomes more sign If bant, as wiring material 
such as aluminum is thinner due to stress migration or 
electromlgration, finally to cause a breaking of wire or a 
short circuit, 

[0004] Hence, in order to prevent the wiring from gen- 
erating excess heat while current flows, a material such 
as copper having a higher electrical conductivity is re- 
quired to be used for a wiring circuit. However, since 
copper or copper alloy is not suited for the dry etching 
process, it is difficult to adopt the above-mentioned 
method in which the wiring pattern is formed after de- 
positing the conductive film over the whole surface of 
the substrate. Therefore, one of possible processes Is 
that grooves for a wiring circuit having a predetermined 
pattern are fomried, and then the grooves are filled with 
copper orcopper alloy. This process eliminates the etch- 
ing process of removing unnecessary portions of the 
film, and needs only a polishing process of removing un- 
evenness or irregularities of the surface. Further, this 
process offers advantages that portions called wiring 
holes connecting between an upper layer and a lower 
layer in a multilayer circuit can be formed at the same 
time. 

[0005] However, as the width of wiring is narrower, 
such wiring grooves or wiring holes have a considerably 
higher aspect ratio (the ratio of depth to diameter or 
width), and hence it Is difficult to fill the grooves or the 



holes with metal unifomnly by the sputtering process. 
Further, although a chemical vapor deposition (CVD) 
process is used to deposit various materials, it is difficult 
to prepare an appropriate gas material for copper or 
5 copper alloy, and if an organic material is used for de- 
positing copper orcopper alloy, cariDon (C) is mixed into 
a deposited film to increase migration of the film. 
[0006] Therefore, there has been proposed a method 
in which a substrate Is dipped in a plating solution to 
10 plate the substrate with copper by an electrolytic plating 
or an electroless plating and then unnecessary portion 
of a copper layer is removed from the substrate by a 
chemical mechanical polishing (CM P) process. This for- 
mation of film or layer by the plating allows wiring 
15 grooves having a high aspect ratio to be uniformly filled 
with a metal having a high electrical conductivity. In the 
CMP process, a semiconductor wafer held by the top 
ring Is pressed against a polishing cloth attached to a 
turntable, while supplying a polishing liquid containing 
abrasive particles, and thus the copper layer on the 
semiconductor substrate is polished. 
[0007] When the copper layer Is polished by the CM P 
process, it is necessary that the copper layer on the 
semiconductor substrate be selectively removed there- 
from, while leaving only the copper layer in the grooves 
for a wiring circuit, I.e. interconnection grooves. More 
specifically, the copper layer on those surface areas of 
the semiconductor substrate otherthan the interconnec- 
tion grooves needs to be removed until an oxide film of 
Si02 is exposed. If the copper layer in the interconnec- 
tion grooves is excessively polished away together with 
the oxide film (Si02), then the resistance of the circuits 
on the semiconductor substrate would be so increased 
that the semiconductor substrate might possibly need 
to be discarded, resulting in a large loss. Conversely, if 
the semiconductor substrate is insufficiently polished to 
leave the copper layer on the oxide film, then the circuits 
on the semiconductor substrate would not be separated 
from each other, but short-circuited. As a consequence, 
the semiconductor substrate would be required to be 
polished again, and hence Its manufacturing cost would 
be increased. This holds true for semiconductor sub- 
strates which have an electrically conductive layer of 
aluminum that needs to be selectively be polished away 
by the CMP process. 

[0008] Therefore, It has been proposed to detect an 
end point of the CMP process using an eddy-current 
sensor. Such end point detecting process in the CMP 
process will be described below with reference to FIG. 
7 of the accompanying drawings. FIG. 7 shows a con- 
ventional polishing apparatus incorporating an eddy- 
current sensor as an end point detector. As shown in 
FIG. 7, the polishing apparatus comprises a turntable 
41 with a polishing cloth 42 mounted on an upper sur- 
face thereof, and a top ring 45 for holding a semicon- 
ductor wafer 43 as a semiconductor substrate, and ro- 
tating and pressing the semiconductor wafer 43 against 
the polishing cloth 42. The polishing apparatus further 



25 



30 



35 



40 



45 



50 



2 



3 



EP1 116 552 A2 



4 



comprises a polishing liquid supply nozzle 48 positioned 
above the turntable 41 for supplying a polishing liquid Q 
to the polishing cloth 42 on the turntable 41 . 
[0009] The top ring 45 is coupled to a top ring drive 
shaft 49, and has an elastic pad 47 of polyurethane or 
the nice attached to its lower surface. The top ring 45 
holds the semiconductor wafer 43 in contact with the 
elastic pad 47. A cylindrical retainer ring 46 is disposed 
around and fixed to an outer circumferential edge of the 
top ring 45 for preventing the semiconductor wafer 43 
from being dislodged from the top ring 45 while the sem- 
iconductor wafer 43 is being polished. 
[0010] The retainer ring 46 which is fixed to the top 
ring 45 has a lower end projecting downwardly from the 
holding surface of the top ring 45. The semiconductor 
wafer 43 is held on the holding surface of the top ring 
45 by the retainer ring 46 against dislodgementfrom the 
top ring 45 under frictionai forces produced by frictionai 
engagement with the polishing cloth 42. The top ring 45 
houses therein an eddy-current sensor 50 which is elec- 
trically connected to an external controller (not shown) 
by a wire 51 extending through the top ring 45 and the 
top ring drive shaft 49. 

[0011] The polishing apparatus shown in FIG. 7 oper- 
ates as follows: The semiconductor wafer 43 is held on 
the lower surface of the elastic pad 47 on the top ring 
45, and pressed against the polishing cloth 42 on the 
turntable 41 by the top ring 45. The tumtable 41 and the 
top ring 45 are' rotated Independently of each other to 
move the polishing cloth 42 and the semiconductor wa- 
fer 43 relatively to each other for thereby polishing the 
semiconductor wafer 43. At the same time, the polishing 
liquid supply nozzle 48 supplies a polishing liquid Q onto 
the polishing cloth 42. For polishing a copper layer, as 
a conductive layer, on the semiconductor wafer 43, the 
polishing liquid Q comprises an oxidizing agent with fine 
abrasive particles of alumina or silica suspended there- 
in. The semiconductor wafer 43 is polished by a combi- 
nation of a chemical reaction which oxidizes the surface 
of the copper layer with the oxidizing agent and a me- 
chanical polishing action which mechanically polishes 
the surface of the copper layer with the fine abrasive 
particles. 

[0012] White the semiconductor wafer is being pol- 
ished, the eddy-current sensor 50 continuously detects 
a change in the thickness of the conductive layer, i.e. 
the copper layer on the semiconductor wafer 43. The 
external controller monitors an output signal from the 
eddy-current sensor 50, and detects an end point of the 
CI\^P process based on a change In the frequency of the 
output signal when the conductive layer on the oxide film 
(Si02) is removed, while leaving only the conductive lay- 
er In interconnection grooves of the semiconductor wa- 
fer 43. 

[0013] However, one problem of the eddy-cun-ent 
sensor 50 shown in FIG. 7 Is that the eddy-current sen- 
sor 50 is provided in the top ring 45, and hence only the 
thiclcness of the copper layer directly below the eddy- 



current sensor 50 can be detected. If a plurality of eddy- 
cun-ent sensors are provided in the top ring 45, then the 
thickness of the copper layer can be detected at a plu- 
rality of locations on the copper layer. However, the plu- 

5 ral eddy-current sensors are only capable of obtaining 
discrete measured values from those separate loca- 
tions, and fail to produce a continuous profile of meas- 
ured values. Another drawback is that as the number of 
eddy-current sensors Increases, the cost of the polish- 

10 ing apparatus increases, and the external controller is 
required to perfomn a complex signal processing se- 
quence. 

SUMMARY OF THE INVENTION 

15 

[001 4] it is therefore an object of the present invention 
to provide a polishing apparatus which has a polishing 
table with a polishing cloth or a fixed abrasive plate, and 
a sensor such as an eddy-current sensor mounted at 

20 the polishing table for producing a real-time continuous 
measured value that represents the thickness of a con- 
ductive layer such as a copper layer or an aluminum lay- 
er on a semiconductor substrate during polishing. 
[0015] According to the present invention, there is 

25 provided a polishing apparatus comprising: a polishing 
table having a polishing surface; a top ring for holding a 
substrate and pressing a surface of the substrate 
against the polishing surface to polish the surface of the 
substrate; and at least one sensor disposed below the 

30 polishing su rface of the polishing table for measuring the 
thickness of a conductive layer fomned on the surface 
of the substrate. 

[0016] The polishing table comprises a turntable 
which rotates about Its own axis. The polishing surface 

35 may comprise a polishing cloth or a fixed abrasive plate. 
If the polishing surface comprises a polishing cloth, then 
the sensor is mounted In the polishing table. If the pol- 
ishing surface comprises a fixed abrasive plate, then the 
sensor is mounted in the fixed abrasive plate. 

40 [001 7] The conductive layer is polished while the sur- 
face of the substrate Is brought In sliding contact with 
the polishing surface. The sensor, which typically com- 
prises an eddy-cun^ent sensor, passes directly below the 
surface, being polished, of the substrate each time the 

"^5 polishing table makes one revolution. Since the eddy- 
current sensor is positioned on an arcuate path passing 
through the center of the substrate, the eddy-current 
sensor is capable of continuously detecting the thick- 
ness of the conductive layer as the eddy-cun-ent sensor 

50 moves along the arcuate path beneath the substrate. 
[001 8] The above and other objects, features, and ad- 
vantages of the present invention will become apparent 
from the following description when taken in conjunction 
with the accompanying drawings which illustrate pre- 

55 ferred embodiments of the present Invention by way of 
example. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0019] 

FIG. 1 is a vertical cross-sectional view of a polish- 
ing apparatus according to an embodiment of the 

present invention; 

FIG. 2 is a plan view of a turntable of the polishing 
apparatus shown in FIG. 1; 
FIG. 3A is a fragmentary vertical cross-sectional 
view showing an eddy-current sensor mounted In a 
turntable with a polishing cloth mounted thereon; 
FiG. 3B is a fragmentary vertical cross-sectional 
view showing an eddy-current sensor mounted on 
a turntable with a fixed abrasive plate mounted ther- 
eon; 

FIG. 4A is a graph showing changes In the reso- 
nance frequency of a detected signal that is pro- 
duced by the eddy-current sensor and processed 
by a controller while a semiconductor wafer is being 
polished, when the eddy-current sensor passes a 
plurality of times directly below the semiconductor 
wafer; 

FIG. 48 is a graph showing, at an enlarged scale, 
an encircled portion A in FIG. 4A; 
FIG. 5 Is a graph showing changes in the resonance 
frequency of a detected signal that Is produced by 
the eddy-current sensor and processed by the con- 
troller when a plurality of semiconductor wafers are 
polished by a single polishing cloth; 
FIG. 6A Is a plan view of a turntable of a polishing 
apparatus according to another embodiment of the 
present invention; 

FIG. 68 is a vertical cross-sectional view of the pol- 
ishing apparatus according to the embodiment 
shown in FIG. 6A; and 

FIG. 7 is a vertical cross-sectional view of a con- 
ventional polishing apparatus. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0020] A polishing apparatus according to an embod- 
iment of the present invention will be described below 
with reference to FIGS. 1 through 5. 
[0021] As shown in FIG. 1 , a polishing apparatus has 
a turntable 1 constituting a polishing table, and a top ring 

3 for holding a semiconductor wafer 2 and pressing the 
semiconductor wafer 2 against the turntable 1 . The turn- 
table 1 is coupled to a motor 7, and Is rotatable about 
its own axis, as indicated by the arrow. A polishing cloth 

4 Is mounted on an upper surface of the turntable 1 . 
[0022] The top ring 3 is coupled to a motor (not shown) 
and connected to a lifting/lowering cylinder (not shown). 
Therefore, the top ring 3 is vertically movable and rotat- 
able about its own axis, as indicated by the arrows, and 
can press the semiconductor wafer 2 against the polish- 
ing cloth 4 under a desired pressure. The top ring 3 is 



connected to the lower end of a vertical top ring drive 
shaft 8, and supports on its lower surface an elastic pad 
9 of polyurethane or the like. A cylindrical retainer ring 
6 is provided around an outer circumferential edge of 

5 the top ring 3 for preventing the semiconductor wafer 2 
from being dislodged from the top ring 3 while the sem- 
iconductor wafer 2 is being polished. 
[0023] A polishing liquid supply nozzle 5 is disposed 
above the turntable 1 for supplying a polishing liquid Q 

10 to the polishing cloth 4 on the turntable 1 . 

[0024] The turntable 1 houses therein an eddy-cur- 
rent sensor 10 which Is electrically connected to a con- 
troller 12 by a wire 14 extending through the turntable 
1 , a turntable support shaft la, and a rotary connector or 

15 slip ring 1 1 mounted on a lower end of the turntable sup- 
port shaft la. The controller 1 2 is connected to a display 
unit 13. 

[0025] FIG, 2 shows the turntable 1 in plan. As shown 
in FIG. 2, the eddy-current sensor 10 is positioned so 

20 as to pass through the center C^ of the semiconductor 
wafer 2 held by the top ring 3 while the semiconductor 
wafer 2 is being polished, when the turntable 1 rotates 
about its own axis Cj, While the eddy-current sensor 1 0 
passes along an arcuate path beneath the semiconduc- 

25 tor wafer 2, the eddy-current sensor 1 0 continuously de- 
tects the thickness of a conductive layer such as a cop- 
per layer on the semiconductor wafer 2. 
[0026] FIGS. 3A and 3B show the eddy-cun^ent sen- 
sor 10 which is mounted in the turntable 1. FIG. 3A 

30 shows the eddy-current sensor 1 0 mounted in the tum- 
table 1 with the polishing cloth 4 attached thereto, and 
FIG. 38 shows the eddy-current sensor 10 mounted on 
the turntable 1 with a fixed abrasive plate 15 attached 
thereto. If the polishing cloth 4 is mounted on the tum- 

35 table 1 as shown in FiG. 3A, then the eddy-current sen- 
sor 1 0 is mounted in the turntable 1 . If the fixed abrasive 
plate 1 5 is mounted on the turntable 1 as shown in FIG. 
38, then the eddy-current sensor 10 is mounted on the 
turntable 1 and provided in the fixed abrasive plate 15. 

40 [0027] In each of the structures shown in FIGS. 3A 
and 38, the upper surface, i.e. the polishing surface of 
the polishing cloth 4 or the fixed abrasive plate 15 (the 
polished surface of the semiconductor wafer 2) may be 
spaced from the upper surface of the eddy-current sen- 

45 sor 1 0 by a distance L of 1 .3 mm or more. As shown in 
FIGS. 3A and 38, the semiconductor wafer 2 comprises 
an oxide film 2a of SiOg, and a conductive layer 2b of 
copper or aluminum provided on the oxide film 2a. 
[0028] The polishing cloth 4 comprises a nonwoven 

50 fabric such as Politex manufactured by Rodel Products 
Corporation, or polyurethane foam such as ICIOOO.The 
fixed abrasive plate 1 5 comprises a disk of fine abrasive 
particles of, for example, Ce02 having a particle size of 
several jim or less and bonded together by a binder of 

55 synthetic resin. 

[0029] The polishing apparatus shown in FIG. 2 oper- 
ates as follows: The semiconductor wafer 2 is held on 
the lower surface of the top ring 3, and pressed by the 
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lifting/lowering cylinder against the polishing cloth 4 on 
the turntabie 1 which is rotating. The polishing liquid 
supply nozzle 5 supplies the polishing liquid Q to the 
polishing cloth 4 on the turntable 1 , and the supplied 
polishing liquid Q is retained on the polishing cloth 4. 
The semiconductor wafer 2 is polished in the presence 
of the polishing liquid Q between the lower surface of 
the semiconductor wafer 2 and the polishing cloth 4. 
While the semiconductor wafer 2 is being thus polished, 
the eddy-current sensor 1 0 passes directly beneath the 
surface, being polished, of the semiconductor wafer 2 
each time the turntable 1 malces one revolution. Since 
the eddy-current sensor 10 is positioned on an arcuate 
path extending through the center of the semicon- 
ductor wafer 2, the eddy-current sensor 10 is capable 
of continuously detecting the thickness of the conduc- 
tive layer 2b on the semiconductor wafer 2 as the eddy- 
current sensor 1 0 moves along the arcuate path be- 
neath the semiconductor wafer 2. in order to shorten the 
interval between detecting intervals, one or more eddy- 
current sensors 10 may be added as indicated by the 
imaginary lines in FIG. 2, so that at least two sensors 
are provided in the turntable 1 . 
[0030] The principles of detecting the thicl<ness of the 
conductive layer of copper or aluminum on the semicon- 
ductor wafer with the eddy-current sensor will be de- 
scribed below. 

[0031] The eddy-cun^ent sensor has a coil which is 
supplied with a high-frequency current. When the high- 
frequency current is supplied to the coil of the eddy-cur- 
rent sensor, an eddy current is generated in the conduc- 
tive layer on the semiconductor wafer. Since the gener- 
ated eddy current varies depending on the thickness of 
the conductive layer, the combined impedance of the 
eddy-current sensor and the conductive layer is moni- 
tored to detect an end point of the CMP process. Spe- 
cifically, the combined impedance Z of the eddy-cun^ent 
sensor and the conductive layer Is represented by the 
inductive and capacitive elements L, C of the eddy-cur- 
rent sensor, and the resistive element R of the conduc- 
tive layer which is connected parallel to the inductive 
and capacitive elements L, C. When the resistive ele- 
ment R In the equation shown below varies, the com- 
bined impedance Z also varies. At this time, the reso- 
nance frequency also varies, and a rate of change of the 
resonance frequency is monitored to detemnine an end 
point of the CMP process. 

where Z: combined impedance, J: square root of -1 (Im- 
aginary number), L: Inductance, f: resonance frequency, 
C: electrostatic capacitance, R: resistance of the con- 
ductive layer, co = 27cf . 

[0032] FIGS. 4A and 4B are graphs showing changes 
in the resonance frequency of a detected signal that is 



produced by the eddy-current sensor 1 0 and processed 
by the controller 12 while the semiconductor wafer 2 Is 
being polished. In FIGS. 4A and 4B, the horizontal axis 
represents polishing time, and the vertical axis repre- 

5 sents the resonance frequency (Hz). FIG. 4A shows 
changes In the resonance frequency when the eddy- 
current sensor 1 0 passes a plurality of times directly be- 
low the semiconductor wafer 2, and FIG. 4B shows, at 
an enlarged scale, an encircled portion A in FIG. 4A. 

10 The result shown in FIGS. 4A and 48 is obtained when 
the conductive layer on the semiconductor wafer 2 is a 
copper film. 

[0033] As shown in FIG. 4A, as the polishing of the 
semiconductor wafer 2 progresses, the value produced 
15 by processing the detected signal from the eddy-current 
sensor 1 0 is progressively reduced. This processing of 
the detected signal is performed by the controller 12. 
Specifically, as the thickness of the conductive layer de- 
creases, the resonance frequency obtained by process- 
ing the detected signal from the eddy-current sensor 1 0 
is progressively reduced, in FIG. 4A, the resonance fre- 
quency decreases from an Initial value of 6800 IHz. 
Therefore, If the value of the resonance frequency, at 
the time when the conductive layer is removed except 
for the conductive layer in the interconnection grooves, 
has been examined, then an end point of the CMP proc- 
ess can be detected by monitoring the value of the res- 
onance frequency. In FIG. 4A, the value of the reso- 
nance frequency at the time when the conductive layer 
is removed except for the conductive layer in the inter- 
connection grooves is 6620 IHz. If a certain frequency 
before reaching the end point of the CMP process Is es- 
tablished as a threshold, then it is possible to polish the 
semiconductor wafer 2 with the fixed abrasive plate 15 
(see FIG. 38) at a higher polishing rate, then polish the 
semiconductor wafer 2 with the polishing cloth 4 (see 
FIG. 3A) at a lower polishing rate after the threshold is 
reached, and fin Ish the CM P process when the end point 
thereof is reached. 

[0034] Further, the eddy-current sensor has different 
sensitivity for measuring the thickness of the conductive 
layer depending on the frequency of the high-frequency 
current supplied to the sensor coil. For example, when 
the high-frequency current having a frequency of 20 
MHz is supplied to the sensor coll, the eddy-current sen- 
sor can measure the thickness of the conductive layer 
over a wide range of thickness from 0 to 1 0000 A, and 
when the high-frequency current having a frequency of 
1 60 MHz is supplied to the sensor coil, the eddy-current 
sensor is sensitive to the thickness of the conductive lay- 
er In a relatively narrow range of thickness from 0 to 
1000 A. Therefore, it is possible to measure the thick- 
ness of the conductive layer precisely and Increase the 
efficiency of the process by selecting the frequency of 
the high-frequency current supplied to the eddy-current 
sensor depending on the polishing process (the thick- 
ness of the layer to be measured or the kind of the layer) 
or combining a plurality of eddy-cunrent sensors. Aiter- 
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natively, the eddy-current sensor may be changed de- 
pending on the polishing process. 
[0035] As shown In FIG. 4B, when the eddy-current 
sensor 10 passes directly below the semiconductor wa- 
fer 2, a change In the resonance frequency within the 
polished surface of the semiconductor wafer 2 can be 
detected. Specifically, since a change in the resonance 
frequency corresponds to a change in the thickness of 
the conductive layer and the eddy-current sensor 10 is 
positioned so as to pass through the center C^^ of the 
semiconductor wafer 2, the polishing unifomnrty of the 
semiconductor wafer 2 In a substantially diametrical di- 
rection thereof can be detected by monitoring the de- 
tected signal from the eddy-current sensor 1 0. If the de- 
tected polishing unifomiity within the polished surface 
of the semiconductor wafer 2 Is supplied to the control- 
ler, then polishing conditions including the pressing 
force applied to the top ring 3 to press the semiconductor 
layer 2 and the distribution of pressures applied to the 
upper surface of the semiconductor wafer 2 can be 
changed to improve the polishing unifomiity within the 
polished surface of the semiconductor wafer 2. 
[0036] FIG. 5 is a graph showing changes in the res- 
onance frequency of a detected signal that is produced 
by the eddy-current sensor 1 0 and processed by the 
controller 12 white a plurality of semiconductor wafers 
are being polished by a single polishing cloth. In FIG. 5, 
the horizontal axis represents polishing time, and the 
vertical axis represents the resonance frequency (Hz). 
The polishing cloth is worn by a thickness of 0.7 mm 
after the polishing cloth has polished a plurality of sem- 
iconductor wafers and has been dressed a plurality of 
times. 

[0037] As shown in FIG. 5, the resonance frequency 
obtained by processing the detected signal from the ed- 
dy-current sensor 1 0 each time a polishing cycle starts 
is higher when the polishing cloth has been repeatedly 
used than when the polishing cloth is used for the first 
time. Specifically, the resonance frequency Increases 
from 6800 Hz when the polishing cloth is used for the 
first time to 6900 Hz when the polishing cloth has been 
repeatedly used. Since the rate of abrasion of the pol- 
ishing cloth can be detenmined by monitoring the reso- 
nance frequency each time a polishing cycle starts, the 
timing to replace the polishing cloth can accurately be 
determined. 

[0038] FIGS. 6A and 6B show a polishing apparatus 
according to another embodiment of the present Inven- 
tion. FIG. 6A is a plan view of a turntable in the polishing 
apparatus, and FIG. SB Is avertical cross -sectional view 
of the polishing apparatus. 

[0039] The polishing apparatus shown in FIGS. 6A 
and 6B is different from the polishing apparatus shown 

in FIGS. 1 and 2 in that an optical sensor 30 is mounted 
in the turntable 1 adjacent to the eddy-current sensor 
10 and connected to a controller 32. The optical sensor 
30 comprises a light-emitting element and a light-detect- 
ing element. The light-emitting element applies light to 



the surface, being polished, of the semiconductor wafer 
2, and the light-detecting element detects reflected light 
from the surface, being polished, of the semiconductor 
wafer 2. The light-emitting element comprises a laser 

5 beam source or an LED. When the thickness of the con- 
ductive layer of copper, aluminum or the like Is reduced 
to a certain smaller value, a portion of the light applied 
from the light-emitting element to the surface, being pol- 
ished, of the semiconductor wafer 2 passes through the 

10 conductive layer and is reflected from the surface of the 
oxide film under the conductive layer. Therefore, the 
light-detecting element detects both the light reflected 
by the conductive layer and the light reflected by the ox- 
ide film. A detected signal from the light-detecting ele- 

15 ment is processed by the controller 32 to detect the 
thickness of the conductive layer remaining on the oxide 
film more accurately than the eddy-cun^ent sensor 10. 
[0040] Until the thickness of the conductive layer is 
reduced to a certain smaller value, the thickness of the 

20 conductive layer is monitored by the controller 1 2 which 
processes the signal from the eddy-current sensor 10. 
When the thickness of the conductive layer reaches the 
certain smaller value and begins to be detected by the 
optional sensor 30, the thickness of the conductive layer 

25 is monitored by the controller 32 which processes the 
signal from the optical sensor 30. Therefore, by using 
the optical sensor 30 which is of a higher sensitivity to 
the thickness of the conductive layer (film), it is possible 
to accurately detect the time when the conductive layer 

30 is removed except for the conductive layer in the inter- 
connection grooves, thereby detennining an end point 
of the CMP process. 

[0041 ] Alternatively, both the eddy-cun^ent sensor 1 0 
and the optical sensor 30 can be used until an end point 

35 of the CMP process is reached. Specifically, the control- 
lers 12 and 32 process the respective signals from the 
eddy-current sensor 1 0 and the optical sensor 30 to de- 
tect the time when the conductive layer is removed ex- 
cept for the conductive layer in the interconnection 

40 grooves, thereby detennining an end of the CMP proc- 
ess. 

[0042] In the above embodiments, the conductive lay- 
er is made of copper or aluminum. However, the con- 
ductive layer may be made of chromium, tungsten, tita- 

^5 nium, orthe like. 

[0043] According to the present invention, since a 
sensor such as an eddy-current sensor or an optical 
sensor or both is mounted In a polishing table which sup- 
ports a polishing cloth or a fixed abrasive plate thereon, 

50 it is possible to obtain a real-time continuous measured 
value that represents the thickness of a conductive layer 
made of copper, aluminum, orthe like on a surface of a 
semiconductor substrate which is being polished by the 
polishing apparatus. 

55 [0044] Although certain preferred embodiments of the 
present invention have been shown and described in 
detail, it should be understood that various changes and 
modifications may be made therein without departing 
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from the scope of the appended claims. 
[0045] According to its broadest aspect the invention 
relates to a polishing apparatus comprising: a polishing 
table having a polishing surface; a top ring for holding a 
substrate and pressing a surface of the substrate 
against said polishing surface to polish said surface of 
the substrate; and at least one sensor. 



Claims io 

1 . A polishing apparatus comprising: 

a polishing table having a polishing surface; 
a top ring for holding a substrate and pressing is 
a surface of the substrate against said polishing 
surface to polish said surface of the substrate; 
and 

at least one sensor disposed below said polish- 
ing surface of said polishing table for measuring 20 
the thickness of a conductive layer fomned on 
said surface of the substrate. 

2. A polishing apparatus according to claim 1 , wherein 
said sensor comprises an eddy^current sensor. 25 

3. A polishing apparatus according to claim 1 , wherein 
said sensor is mounted in said polishing table. 

4. A polishing apparatus according to claim 1 , wherein 30 
said polishing surface comprises a polishing cloth. 

5. A polishing apparatus according to claim 1 , wherein 
said polishing surface comprises a fixed abrasive 

plate. 35 

6. A polishing apparatus according to claim 5, wherein 
said sensor Is provided in sard fixed abrasive plate. 

7. A polishing apparatus according to claim 2, further 40 
comprising: 

at least one optical sensor mounted in said 
polishing table for measuring the thickness of said 
conductive layer. 



8. A polishing apparatus comprising: 



45 



a polishing table having a polishing surface; 
a top ring for holding a substrate and pressing 
a surface of the substrate against said polishing so 
surface to polish said surface of the substrate; 
and 

at least one sensor. 
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